Bound qq-systems are considered in the framework of three different versions of the 3-dimensional reduction of the Bethe-Salpeter equation, all having the correct one-body limit when one of the constituent quark masses tends to infinity, and in the framework of the Salpeter equation. The spin structure of confining qq interaction potential is taken in the form xγ 0 1 γ 0 2 + (1 − x)I 1 I 2 , with 0 ≤ x ≤ 1. The problem of existence (nonexistence) of stable solutions of 3-dimensional relativistic equations for bound qq systems is studied for different values of x from this interval. Some other aspects of this problem are discussed.
As it is well-known, at present the spin (Lorentz) structure of theinteraction is not established theoretically in QCD, a fundamental theory of strong interactions. Consequently, it is interesting to consider different possible choices for the spin structure, as it was done in Refs. [1] - [4] where the boundsystems in the framework of the Salpeter equation were investigated. Further, it is well known that the Salpeter equation is the simplest version of the 3-dimensional (3D) reduction of the Bethe-Salpeter (BS) equation, the latter being believed to provide a natural basis to study boundsystems in the framework of the Constituent Quark Model. Namely, the Salpeter equation is obtained from the BS equation in a straightforward way, when the kernel of the latter is assumed to have the instantaneous (static) form. However, in the instantaneous approximation there exist other possible versions [5, 6] of the 3D reduction of the BS equation which, unlike the Salpeter equation, have a correct one-body limit when the mass of one of the constituents tends to infinity. These versions, which can be derived by choosing appropriate effective 3D-Green's function for two noninteracting fermions, will hereafter be referred to as the MW and CJ versions, respectively. Moreover, a new version of the effective propagator for two free scalar particles, guaranteeing the existence of the correct one-body limit for 3D-equations, was suggested in Ref. [7] . The effective 3D-Green's function for two noninteracting fermions can be constructed along the lines similar to Ref. [7] , in a standard manner (see below).
Taking into account the fact that the relativistic effects are important forsystems containing two light quarks, as well as for heavy-light systems, it seems interesting to carry out the investigation of this sort of systems in the framework of the above mentioned 3D relativistic equations and study the dependence of the properties of the boundsystems on the spin (Lorentz) structure of the confining part of qq-interaction. In the present report, we deal with this problem as concerned to themass spectrum.
The relativistic 3D equations for the wave function of boundsystems, corresponding to the instantaneous (static) BS kernel (K(P ; p, p
, for all versions considered below can be written in a common form (in the cm frame)
where M is the bound system mass. The equal-time wave functionΦ M ( p) is related to the BS amplitude Φ P (p) byΦ
and the effective 3D Green's function of the two noninteracting quark systemG 0ef f is defined
Here, G 0ef f is the effective two fermion free propagator and g 0ef f is the effective propagator of two scalar particles. The operatorG 0ef f can be given in the form
(see Ref. [8] where the mass spectrum of the boundsystems was investigated in the framework of the MW and CJ versions of the relativistic 3D equations in the configuration space).
Note that expression (7) was derived from Eq. (3) by using that for g 0ef f (M, p) determined from the dispersion relation. The same relation is satisfied by the expression of g 0ef f (M, p)
suggested in Ref. [7] (see formula (10) therein). According to the prescription given in Ref. [7] , particles in the intermediate states are allowed to go off shell proportionally to their mass, so that when one of the particles becomes infinitely massive, it automatically is kept on mass shell and the corresponding equation can be reduced to the one-body equation. Using this expression for g 0ef f (M, p) from Eq. (3) we obtain the expression forG 0ef f given by Eq. (4).
(Note that formula (11) in Ref. [7] is not correct as it does not follow from formula (10)). So we obtain
This version will below be referred to as the MNK version.
Using the properties of the projection operators Λ
and formulae (4) (5) (6) (7) (8) , the following system of equations can be derived from Eq. (1) [
whereΦ
and the functions A (α 1 α 2 ) are given by
As to the Salpeter equation, it can be obtained from the MW version by putting
Further, we write the unknown functionΦ
in Eq. (9) in the form analogous to that used in Ref. [9] , where the boundsystems were studied in the framework of the Salpeter
where
Then, if theinteraction potential operatorV ( p, p ′ ) is taken in the form [9] V ( p, p
the following system of equations for the Pauli 2 ⊗ 2 wave functions χ
where the effectiveinteraction operatorV
is expressed via the potentials V og and V c and some functions, taking account of relativistic kinematics. On using the partial-wave expansion
From Eq. (16) the system of integral equations for the radial wave functions R 15) we neglect the one-gluon exchange potential and take the confining potential V c (r) in the oscillator form used in Ref. [10] , which is a simplified though justified version (for the light and light-heavy sectors) of a more general form used in Ref. [9] . Namely, we take
In the momentum space, the system of integral equations for the radial functions R
LSJ (p) with the above potential is reduced to the system of second-order differential equations. The solution of this equation is written in the form similar to that given in Refs. [9, 10] 
where R nL (p) are the well-known oscillator wave functions. Then, the system of equations for
LSJ (p) is reduced to the system of linear algebraic equations for the coefficients C
Here it is necessary to stress that the matrix H explicitly depends (except the Salpeter version) on the meson mass M we are looking for. Concequently, the system of equations (20) is nonlinear in M.
By truncating the sum in (19) at some fixed value N max , the eigenvalues M and the cor-
LSJn can be determined from the system of algebraic equations with the dimension 4(N max + 1) (for the Salpeter case we have 2(N max + 1) equations), provided the procedure converges with the increase of N max . If the procedure does not converge, we interpret this as absence of stable solutions to the initial equations. As it has been mentioned above, the system of equations (20) In the present paper, we calculate the masses for the followingsystems with nonequal mass quarks: ds ( only forsystems with one heavy quark, whereas in order to provide the existence of stable solutions in the same interval of x for lightsystems it is necessary to accept a much smaller value for the confining potential strength parameter ω 0 (e.g. 450 MeV instead of 710 MeV ).
As to the interval (0.5 ≤x≤ 1), the existence (nonexistence) of stable solutions in the MW, CJ and MNK versions depends on the quark sector (light or heavy), quantum numbers of thesystem and on the value of the parameter ω 0 . For the case of the Salpeter equation, the situation again is opposite -stable solutions always exist in the interval (0.5 ≤ x ≤ 1) forsystems with both quarks from light-quark sector [2] - [4] , in the whole interval (0 ≤x≤ 1) forsystems with both quarks from heavy-quark sector (cc) [9] , or from heavy-light sector (present result). Note that in order to obtain stable solutions of the 3D relativistic equations, it is sufficient to take N max = 4 − 7 in the series (19). This property is common for all 3D versions and meson states under consideration.
A more detailed analysis (and the comparison with experiment) of the results in the framework of the above considered versions of 3D equations with the confining potential (18) (including the regularization problem of the wave function normalization condition in the CJ and MNK versions), as well as the description of decay properties of pseudoscalar and vector mesons (P → µν, V → e + e − ), will be published separately. Table 1 .c The mass spectrum (in GeV) for (cs) system
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